The sedative and toxic properties of morphine, and five semi-synthetic opiates (diamorphine, dihydromorphinone, dihydrocodeine, oxymorphone and oxycodone) have been determined by giving them, in a double-blind trial, as pre-anaesthetic medication to a standard female population. Diamorphine and dihydromorphinone produced the best sedation whilst dihydrocodeine was least efficient in this respect. Dihydromorphinone and oxymorphone were markedly more toxic than the others, whilst dihydrocodeine was the least toxic drug in this group.
Despite the recent introduction of many tranquillizers, opiates are still the drugs most often chosen for adult premedication in the United Kingdom. Almost twenty of these are currently available commercially but pre-anaesthetic use is limited to four or five drugs, probably more on the basis of tradition than for any scientific reason.
In continuing studies of the efficacy and toxicity of drugs given before anaesthesia, the authors have included sixteen opiates, given by the intramuscular route in what are generally accepted as equipotent doses. This paper reports the findings with the six of these which fall into the classification of "natural or semi-synthetic opiates" (excluding mixtures of drugs). For ease of presentation the findings with the wholly synthetic drugs will be reported later. DRUGS STUDIED There are few data concerning the doses of analgesics that should be considered equipotent and this is explained by the variety of methods employed to study the potency of these drugs and their differing rates of onset and duration of action. The doses employed in the present investigation were based on those recommended in a number of reviews (Vandam, 1962; Foldes, Swerdlow and Siker, 1964; Dundee and Loan, 1966) or are in accordance with the clinical experience of the authors. Some preparations were studied at more than one dose level but this is outside the brief of the present publication. The 10 (Clarke, Dundee and Love, 1965; Dundee, Loan and Clarke, 1966) but the relevant results are given again. Table I lists the preparations studied and the doses used. Each drug was studied in 100 patients except in the case of morphine and saline (used as a placebo) where the number was 200.
This work was, in the main, spread over a 2-3 year period. The first two authors were Research Fellows, with projects concerned with various aspects of pain relief, while the last two were successive Senior Tutors.
It should be pointed out that in addition to the objective of assessing the relative merits of opiates as pre-anaesthetic medication, this study attempted to compare the toxicity of these compounds when given to a constant patient population under standard conditions. Thus it may be expected that the findings will have relevance to other conditions under which the drugs might be used.
METHOD
This was first described by Dundee, Moore and Nicholl (1962a, b) and Dundee, Nicholl and Moore (1962) and has been recently summarized and reviewed in detail by Morrison, Hill and Dundee (1968) . Full details can be obtained from these publications.
Briefly, the method consisted of administering drugs as routine pre-anaesthetic medication-often using a "blind" method-to healthy female patients undergoing minor gynaecological operations in the same surgical unit. Pre-operative visits were made to determine the effects of these drugs with respect to drowsiness and lack of apprehension or restlessness or the incidence and severity of such toxic effects as dizziness, emetic sequelae or cardiovascular effects. The study continued with observations on the effects of these drugs on the course of anaesthesia when a standardized technique was employed and concluded with observations on the emetic and other side effects occurring up to 6 hours after operation.
RESULTS
In presenting the findings, the dosage of drugs is not further referred to (see table I) and the term "significant" refers to the conventional 5 per cent probability level.
As expected with patient groups of this size, there were no significant differences between the mean ages or weights of the subjects in each series and these data are not presented. Likewise, the distribution of the durations of anaesthesia was similar for each series, with mean times ranging from 5.6 to 7.1 minutes, thus making valid the comparisons of the incidence of emetic sequelae with the different agents. Table II lists the important findings observed 60 to 90 minutes after administration of the drugs. Drowsiness. There was little difference between the soporific effects of different drugs in this study, except in the case of dihydrocodeine which, in the dosage used, caused a significantly lower incidence of obvious drowsiness than any of the others, although the incidence was significantly higher than after injection of saline.
Apprehension. There were no significant differences between the abilities of any of these compounds to reduce pre-operative apprehension. Only in the cases of oxycodone and diamorphine was the degree and frequency of apprehension significantly less than that following saline.
Restlessness or excitement. No member of this group of drugs was followed by any appreciable incidence of pre-operative restlessness or excitement.
Side effects. Considering dizziness and emetic effects together, it is apparent that dihydromorphinone and oxymorphone each caused an appreciably higher incidence and greater severity of these symptoms than any of the other drugs studied. Of the remainder, oxycodone was the best drug with respect to effects on the heart rate and systolic blood pressure but in any event these constituted a real problem only with oxymorphone.
Overall effect. The distribution of pre-operative efficacy (graded from 1 (poor) to 5 (excellent)) and toxicity (graded from 1 (nil) to 5 (severe)) scores is depicted in figure 1. It will be seen that there are no marked differences between the opiates studied with respect to their use in pre-operative medication, except for dihydrocodeine. This does not, however, apply to their toxic effects, where oxymorphone and dihydromorphone are worse than the remaining drugs.
Rate of onset. The time of onset of the maximum effect of the various drugs was determined from the detailed pre-operative studies and the estimates based on a number of desired and toxic effects as shown in table III. It can be seen that the onset of drowsiness and abolition of apprehension go fairly well hand in hand. On the basis of the desired effects, it would appear that the onset of action of diamorphine is earlier than that of the other compounds, whereas the onset of the effects of oxycodone and dihydrocodeine is slower in each case. It proved more difficult to estimate the rate of onset of drug action from the time of occurrence of side effects. The maximum incidence of dizziness was recorded at the first postoperative observation (20 minutes) except when oxymorphone and oxycodone were used. In the case of morphine, dihydromorphinone and dihydrocodeine, the incidence remained unchanged until 60 minutes after administration, by which time the effect of diamorphine had worn off. The maximum incidence of nausea and vomiting was observed at the first pre-operative reading with morphine, dihydromorphinone and oxymorphone and this did not change until 90 minutes after administration. Dihydrocodeine and oxycodone again showed a more delayed onset than the other drugs. Thus, on the basis of the information available one can divide the drugs into three groups:
(a) Fairly rapid onset: diamorphine.
(£>) Moderate rate of onset: dihydromorphinone, oxymorphone and morphine. (c) Slow onset: oxycodone and dihydrocodeine. Course of anaesthesia. Little useful information was obtained from the data concerning effects of these drugs on the course of methohexitone anaesthesia and the detailed results are not presented. Excitatory phenomena occurred significantly more frequently with dihydrocodeine than with the other drugs and almost approached the level found after saline. None of the drugs reduced the incidence of cough and/or hiccup to a degree different from that which occurred with saline, and hypotension was not a feature of anaesthesia after any of the premedicants.
Emetic sequelae. The incidence of these is recorded in table IV. The use of opiates caused a very appreciable degree of postoperative nausea and vomiting. Only with dihydrocodeine was this significantly lower than with any of the others but, even with this compound, both nausea and vomiting occurred much more frequendy than after saline.
OVERALL SURVEY
The relative merits of the various drugs are expressed in table V by means of the rank order in which these appear with relationship to desired effects (drowsiness and induction of tranquillity) and the relative absence of toxic effects (dizziness and emetic sequelae). Very small differences between drugs are not distinguished in this table. From the pre-operative point of view, it would appear that diamorphine and dihydromorphinone are the two drugs which would produce the best V=vomiting; N=nausea. effects, while dihydrocodeine is definitely least satisfactory in this respect, producing very little drowsiness and not appreciably allaying apprehension. The reverse applies with respect to dihydrocodeine when toxic effects are considered and it appears to be vastly superior to any other of these drugs in this respect, followed closely by diamorphine and oxycodone. There seems little doubt that dihydromorphinone and oxymorphone were by far the most toxic drugs studied.
Rank order of drugs

DISCUSSION
In view of the large amount of published data on this group of drugs, it would be tedious to review the pharmacology of each in detail, and discussion is limited to a critical survey of the present findings in relation to those of other workers. The relative absence of side effects following dihydrocodeine has been pointed out by Gravenstein and associates (1965) and Dundee (1958) . Most workers have studied the effects of 30 mg, as compared with 50 mg in the present investigation, but clearly with the larger dose the incidence and severity of toxic effects is still low. Keats, Telford and Kurosu (1957) found that 60 mg produced side effects similar in type to those of morphine but with much less sedation, this being in general agreement with the present study. In normal supine subjects the administration of even large doses of analgesics causes little or no systolic hypotension and it is not unexpected that this study did not confirm the reported hypotensive effects of dihydrocodeine. This effect was reported after the drug was given intravenously in doses of 1.5 mg/kg during anaesthesia (Swerdlow and Foldes, 1958) or in response to a steep tilt (Eckenhoff, Helrich and Rolph, 1957) . However, there is a considerable doubt whether any dose of dihydrocodeine is capable of causing analgesia comparable to that produced by morphine (Eddy, Halbach and Braenden, 1957) , although Keats, Telford and Kurosu (1957) found 60 mg to be equianalgesic with morphine 10 mg, albeit the duration of effect was shorter. The high incidence of excitatory phenomena found following methohexitone is in keeping with the relatively poor analgesic action of dihydrocodeine 50 mg.
Emetic effects were the main disadvantages found to follow dihydromorphinone. In volunteers, Seevers and Pfeiffer (1936) noted that nausea and vomiting after dihydromorphine 1 mg was less than that following morphine 10 mg. Hanna, Mazuzan and Abajian (1962) suggest that it has 7-10 times the milligram potency of morphine, which would imply that the 2-mg dose employed in the present study should have been compared with morphine 15 mg. Using an identical method of studying drugs, Dundee, Loan and Clarke (1966) found a 65 per cent incidence of vomiting and a 14 per cent incidence of nausea during the first 6 postoperative hours in patients premedicated with morphine 15 mg; these incidences are higher than those recorded in table IV for dihydromorphinone 2 mg. On the other hand, Eddy, Halbach and Braenden (1957) surveyed the findings of twenty-two workers who had compared the analgesic effectiveness of dihydromorphinone with that of morphine 10 mg. The equivalent doses lay in the range of 1-5 mg, but, taking into consideration the distribution of these data, they concluded that 2-4 mg was equivalent in analgesic potency to morphine 10 mg. On this basis it is clear that this opiate has a very marked tendency to cause emesis, despite claims to the contrary.
Emetic effects, coupled with a high incidence of dizziness and tachycardia, were also a problem with the dose of oxymorphone studied. Although early uncritical reports commented favourably on its lack of toxicity (Coblentz and Bierman, 1956 ), this has not been confirmed by later studies. In doses similar to those employed in the present investigation Swerdlow, Murray and Daw (1963) also found oxymorphone to be more prone to cause emesis than was morphine. Wallenstein and Houde (1956) , Eddy and Lee (1959) and de Kornfeld (1961) all showed that the dose of oxymorphone equivalent to morphine 10 mg is in the region of 1.0-1.2 mg, being less than that employed in the present study. However, even with doses as low as 1.05 mg/70 kg Keats and Telford (1960) reported more nausea and vomiting than after morphine 10 mg/70 kg.
In the present investigation oxycodone was used in the form of the pectinate salt; this is claimed to produce a prolonged clinical effect and may explain the slow onset of action observed with this drug. Brittain (1959) reported that oxycodone 10 mg was equi-analgesic with morphine 10 mg, and that with doses sufficient to provide adequate analgesia, side effects were rare and slight. Belam (1957) considered it to be without sedative effect and to be an unsuitable premedicant; however, details of his findings or of the standards which he was using for comparison were not given. In another premedicant study Boyd (1959) substituted oxycodone 10 mg combined with chlorpromazine 50 mg for his standard (unstated) dose of papaveretum and hyoscine, and, not unexpectedly, was disappointed by the relatively inadequate soporific effect of the oxycodone mixture. The present study shows that this drug is a reasonable sedative, of no greater toxicity than morphine and is worthy of further investigation. This applies particularly to its analgesic action, in view of the relatively high incidence of excitatory phenomena with methohexitone, when it was given as premedication.
Diamorphine is the only drug in this group which, in the dose used, shows any significant differences from morphine 10 mg which might prove beneficial in certain clinical circumstances. These include earlier onset of action, more marked sedation and relief of apprehension, coupled with fewer emetic sequelae. This has been discussed in detail elsewhere (Dundee, Loan and Clarke, 1966) . Dihydrocodeine was the only other drug in this group which was consistently less toxic than diamorphine, although there was very little difference between diamorphine and oxycodone in this respect. Junior and Senior hospital staffs, dental and medical, are invited to a meeting on the above date at Odstock Hospital, Salisbury. The meeting will follow the lines of the one held last May.* Its purpose is to demonstrate and discuss the use in ambulatory patients of intravenous anaesthesia for conservation and extraction of teeth, with the patient lying down but not intubated.
ETUDE DE MEDICAMENTS ADMINISTRES AVANT L'ANESTHESIE XVII: LES OPIACES NATURELS ET SEMI-SYNTHETIQUES
SOMMAIRE
Applications should be addressed to Dr. J. G. Bourne, Melstock, Nunton, Salisbury, Wiltshire, and be accompanied by a fee of £1 towards catering and other expenses (Cheques: "Salisbury Anaesthetics Department"). Attendance will be limited to 100. Programme: 10.30 coffee; 11.00 demonstrations; 12.30 sherry and lunch; 2.00 demonstrations; 3.00 free discussion (Chairman: Professor Sir Robert Macintosh); 4.30 tea.
* Anaesthesia (1968), 23, 488. 
